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Abstract 
The growing need and interest for sustainability and preservation of our natural resources has long before been theoretically adapted
and nourished in the minds and thoughts of Greek water professionals and Authorities executive associates. However, the long 
term planning and sustainable water management that aims at ongoing, constantly adaptable methodologies and strategies have not
yet found a commonly practical application and have rather remained a discussion for almost every Water Utility in Greece. In 
2013, the Utility of the city of Drama in northern Greece took the first step nationally towards the direction of implementing 
worldwide applied methodologies and IWA concepts. They realized that investing on a project that would ultimately provide them 
with the necessary equipment and the required know-how to assess their network’s losses and the possible improvement 
interventions and strategies instead of just moving forward with changes without having previously estimated their results, makes
more sense in the long term, capturing thus the essence of sustainability. The procedures, results and conclusions deriving from
this project implementation will be presented within this paper. 
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1. Introduction 
The need for sustainability and preservation of our natural resources in the European region has long become 
perceptible in the field of water management services, a fact that can be justified and at the same time encouraged and 
nourished by the continuously growing interest expressed through European funding and the forming of program axis 
pointing to this direction.  
A constantly growing percentage of executives working in this field, but also of the plain customers, is interested 
in the new solutions and technologies. It is exactly thanks to this growing demand, that we are now observing rapid 
developments and abundant solutions that are both easy to use and economic. 
However, within the Greek region, the lack of public interest for the management of the water distribution networks 
has led to accumulated problems, such as the poor conditions of the networks’ infrastructure and the extremely high 
losses and bursts, with public losses reportedly reaching up to 80% as stated by some Water Authorities (for example 
the Utility of the city of Karditsa in the year 2011) in their applications to receive European fundings to control their 
losses. These problems have further intensified the feeling of complexity and frustration for whoever felt the wish to 
change the current situation, rendering it extremely difficult to just “take the first step” and decide on the best course 
of act without some expert help and consultation. 
We have reached a point where the daily recorded losses for the Water Authorities are significant, both in water 
amounts and also in money. There is in any case, the amount of non-revenue water that reaches the consumer but is 
not charged for due to its improper metering or recording and the amount of water physically lost due to leakage and 
therefore lost in two ways; both physically and financially. There is indeed a significant amount of water that is not 
consumed and thus, not invoiced. The main components which have led to these great losses for the Authorities, but 
also to the frustration on the consumers’ part are now both known and manageable: 
•   The “poor” current conditions of the networks assets, as a result of mainly the analogically “poor” managing of the 
water distribution systems for decades, but also of the bad choices made in the past regarding the equipment in use 
and its managing. 
•   The deficient and unprofitable ,in many ways, pressure management or total lack of it that allows the existence of 
overpressure and surges throughout the network, the increase in losses due to existing leakage points, but also the 
network failing because of new bursts. 
•   The accumulated damages, leakage and bursts in the network because of many years of improper management, the 
difficulty in tracing and repairing of the damages due to either lack of the needed know-how or absence of the 
necessary equipment which significantly increases the time that each leakage “runs” and at the same time intensifies 
the exhaustion and overtime of human resources. 
•   The inadequate quality level of the measurements resulting in a remarkable percentage of the consumption not 
being recorded, due to correspondingly inadequate or obsolete metering equipment. 
Given all of the above, the most important goals set by the Utilities should be for them to a) estimate their losses, 
b) trace the source and reasons for these losses c) prioritize the causes based on importance and severity, d) plan 
intervention scenarios e) apply the most efficient intervention strategies with a frequency and range of implementation 
that is economic for the Utility. A combination of a software using mathematical and statistical formulas and a 
methodology, both of which have been developed based on the IWA Best Practice approach, can assist the Utilities 
in the best possible way to ensure that all of the aforementioned objectives are achieved. 
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2. Essential terminology of losses 
2.1. Water balance 
The term Water Balance has long been used to describe the equation of the water coming in and out of a system, 
expressing the network’s losses in a financial form by essentially comparing the value of the originally provided 
amount of water and therefore the value that should be invoiced to the one actually invoiced after consumption. 
2.2. Apparent and real losses 
The difference observed in every Water Balance equation derives from losses throughout the network and its 
management. These losses can be easily discriminated in apparent losses and real losses. The apparent losses express 
the amount of water that is not invoiced due to non-authorized consumption and inaccuracies of the metering system 
which when combined lead to the part of the system’s water that is actually consumed, just not paid for. The real 
losses express the physical substance of water lost due to overflows and leakages throughout the entire network. This 
is the part of the system’s water that never reaches the consumer and therefore is not paid for either. In most developed 
countries, there are no or very limited apparent losses. For developing countries the World Bank has estimated that, 
on average, apparent losses (in particular theft through illegal connections) account for about 40% of the non-revenue 
water [1]. 
2.3 Non-revenue water (NRW) 
The amount of water running through the network that does not result in revenue for the Utility due to the apparent 
and real loses, as it is not invoiced. This also includes a small part of the authorized consumed water that reaches the 
consumer and is either metered or non-metered, but in any case is unbilled for different municipal reasons (public use, 
health use and firefighting mainly). 
2.4 Water balance optimization 
It expresses the goal of reducing as greatly as possible the difference between the provided amount of water and 
the ultimately consumed and/or invoiced amount. It is understandable that realistically speaking this equation can 
never be perfectly balanced, but it can be optimized to a significant degree.  
2.5 NRW indicators- the ILI  
The best known and most frequently used NRW indicator is the not invoiced water as a percentage of the water 
inserted into the System. Over the last years, more and more experts and Utility managers have rejected this indicator 
as it is not considered suitable to compare NRW levels between Utilities or NRW levels of the same Utility over time. 
Since NRW% equals: Volume of Lost Water over Total Water Used, if the volume of lost water remains the same 
but at the same time the water use increases, then the losses based on this indicator will appear (but not in fact) to have 
declined. This problem can be eliminated by measuring NRW not as a share, but in terms of absolute losses per 
connection per day, as recommended by the International Water Association (IWA) [2]. The International 
Benchmarking Network for Water and Sanitation recommends the use of different indicators (percentage, losses per 
connection or losses per km of network) combined [3]. Losses per kilometer of network are considered more 
appropriate to benchmark real losses, while losses per connection are considered more appropriate to benchmark 
apparent losses. 
The use of NRW percentage as an indicator to compare real losses amongst water utilities has been considered as 
problematic, mainly because real losses depend to some extent on factors largely beyond the control of the utility, 
such as topography, age of network’s infrastructure, length of pipes per connection and water use per capita. As an 
alternative indicator for the measurement of real losses, an Infrastructure Leakage Index (ILI) has been developed. 
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The ILI is defined as the ratio of Current Annual Real Losses (CARL) to Unavoidable Annual Real Losses (UARL) 
[4].  
3. Methodology 
The methodology followed during the implementation of such a project, consists of some basic steps that can be 
applied to every similar case study. The first step is to collect and insert all of the necessary data, i.e. system average 
pressure, length of mains, number of service connections, length of private pipes, number of billed properties, volume 
of water supplied into the system, billed metered and unmetered consumption. The second step is to view the exported 
WB diagram, the estimated losses, the calculated NRW and ILI indicators which derive by formulas based on 
academic, scientific and statistical data. During step three, more detailed data is inserted and studied, such as info 
regarding night consumption. Having reached step four, the user is now able to trace the causes for the system’s losses 
and prioritize them. Intervention strategies and hypothetical scenarios are suggested by the software, whilst during 
step five the user must assess and prioritize these suggestions based on efficiency, cost and payback time (value over 
time) in order to plan the Utility’s strategy. Step six is of course the implementation of the chosen interventions and 
recording of the results.   
4. The city of Drama case study 
In 2012, the Managing Crew of the Water Utility of the Municipality of Drama, (population of approximately 
60,000 in the northern of Greece), witnessed their physical and financial water losses reach an unprecedented level, 
even though they had already started to implement new water meter technologies. It was difficult for them to 
comprehend why numbers appeared to have deteriorated rather than improved. The culprit for that, is all of the 
previous years of lacking of: knowledge, precaution, and management, which naturally led to an enormous backlog 
of losses, leaks, and infrastructure issues that only kept deteriorating as the time passed.  
This observation urged them to decide to act on it, quickly and efficiently. This is not a surprising situation; it is 
however an innovative case and course of actions for Public Water Management in Greece, introducing thus a new 
era, for the water management strategies in the entire Greek public sector. 
Our company “Melcer Consulting” was assigned in 2013 with the task of helping the Utility to deal with their Non-
revenue Water and learn how to optimize their Water Balance, with the collaboration of Mr. Marco Fantozzi and Mr. 
Allan Lambert (who provided the customized LEAKS Water Balance Software) applying the IWA Best Practice 
Water Balance & Performance Indicators theories.  
Two villages were selected by the Utility to become the example Systems for the applying and studying of both 
the software package as well as the IWA academic approaches, during the project’s training seminars and the pilot 
period, based on the two following criteria: a) The increased probability for a high level of losses based on empirical 
observations and b) The increased level of easiness to implement any intervention solutions that would derive from 
the training workshops. The two Systems that were selected unanimously by the Users on behalf of the Utility were 
the two villages of Horisti (Southeast of Drama) and Xiropotamos (Northwest of Drama). We shall be presenting in 
this paper the research for the village of Horisti. 
The first phase of the project included the collecting of all the necessary data (statistical, numerical, historical etc.) 
regarding water network performance and infrastructure. After the necessary data was collected in collaboration with 
the Utility’s personnel and after the software was installed, it was assessed and studied empirically to identify some 
first basic problems, issues and network characteristics during a 3-day workshop. The numbers shown in Table 1 were 
inserted into the software. 
Table 1. Data for the year 2011-2012 for the region of Horisti 
Feature Horisti 
Resident Population 2725 
Mains Length (km) 15 km 
Number of Billed Properties/ connections 1491 
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Average Length of private pipes (main to water 
meter –in m) 
5 m 
Estimated Average Pressure 3 bar 
Supply by Gravity or Pumping (m3/year) 750000 
Volume provided by Own Sources  (m3/year) 750000 (no 
import/export) 
Billed Metered Consumption (m3/year) 265000 
Billed Non Metered Consumption  (m3/year) N/A 
Annual Mains Repair Data 45 repairs/year 
Annual Connections Repair Data 65 repairs/year 
We were then able to get our first exported data and form primary conclusions, based on the WB diagram, the 
estimated losses, the calculated NRW and ILI indicators, as are shown in Fig. 1, Fig. 2 and Fig. 3 for the case of 
Horisti which are screenshots from the LEAKS software that was used. 
The Non Revenue Water figures expressed as percentage or absolute volume that were exported by the Water 
Balance IWA Diagrams were extremely high, justifying thus the Utility’s need to proceed with this strategy 
assessment project. 
The Infrastructure Leakage Indexes (ILIs) for both of the examined villages, are listed according to the software in 
the lowest class (D2) of the categorization issued by the World Bank Institute, leaving thus great margins for plenty 
interventions and changes, which in their turn leave significant margins for improvement, exactly because of the 
proven level of great losses. The software itself along with the required know-how offers the possibility to estimate 
the improved results that will derive from any future interventions as well as the approximate time that will be needed 
for these results to become obvious. 
Fig. 1. Import of data for the case of the Horisti village for the year 2012 
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Fig. 2. Calculations for NRW, losses and ILI for the case of the Horisti village for the year 2012 
Fig. 3. The exported WB diagram for the case of the Horisti village for the year 2012
5. Results 
The LEAKS software that was used during the project works as an assessment tool for the Water Utility. It does 
not produce imminent improvement results regarding the system and its management strategy. It evaluates the possible 
intervention scenarios that the Utility might be reflecting upon, estimating the possible savings in amount of water 
and the payback time for the different courses of act that might be implemented by the Utility in the effort to optimize 
their Water Balance. 
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Thus, during the second phase, we focused on the possible ways and methods of dealing with the network issues 
that were identified during the first phase. The process that was followed used hypothetical scenarios for the two 
Systems in order to examine possible intervention strategies and to train the users on this methodology and 
prioritization of the water balance optimization methods. The two intervention scenarios that were prioritized as the 
most efficient ones in terms of “value over time” were a) pressure management implementation and b) active leakage 
control plan for both villages. In the case of pressure management, a probable range of predicted changes was 
estimated as shown in Fig. 4 for Horisti with a 5m reduction in Average Pressure and in the case of active leakage 
control, 00000the economic frequency of the intervention was estimated at approximately every 12 months, as shown 
in Fig. 5 also for Horisti. 
Fig. 4. Predicted changes in the pressure management scenario for the case of the Horisti village
Fig. 5. Active Leakage Control economic frequency intervention for the case of the Horisti village
After the pilot period which included the combined implementation of these two intervention scenarios over 3 
months’ time, the changes were already obvious for the Utility’s water balance and network management, as shown 
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in Figure 6, confirming our estimations during the project.  The ILI was reduced by approximately 73%, going from 
around 75 to 20. 
Table 2. Presented changes in percentages after 3 months of PM (reduction of 5m in average pressure) and ALC 
interventions for the case of the Horisti village 
 Presented Changes 
Real Losses -72% 
NRW (Non Revenue Water) -52% 
Bursts & Repairs -29% 
Leak Flow Rates -19% 
Residential Consumption -1,20% 
ILI (Infrastructure Leakage Index) -73% 
6. Conclusions 
Thanks to this project, the customized software and the knowledge conveyed during the training, the Water Utility 
of Drama is now equipped to evaluate intervention scenarios, to prioritize the network’s needs, to identify the best 
long-term economic solutions, to justify any future needs for the implementation of new infrastructure improving 
projects to the Regulator Committees, to obtain the necessary financial European and State funds for these projects, 
and to be able to prove afterwards the accomplished goals with actual numerical and statistical data.  
The implementation of this losses assessment project in order to proceed with the best strategy by the Water Utility 
of the city of Drama is in fact the first practical one on a Greek national level and therefore an innovation.  
Academically speaking, the theoretical knowledge and suggestions that lie in the basis of the project were long 
before known and adopted by water professionals in the Greek region that have been proven to be believers and 
supporters ever since the beginning, of the efforts and methods developed by the IWA.  
We have already embraced the purpose of optimal water management around the world which will not be achieved 
through sporadic, isolated and individual actions, but rather through a massive awakening, vigilance and motivation 
of every implicated executive party and of the consumers by extension. 
Both apparent and real losses have a natural tendency to increase if nothing is done: more leakage will occur, there 
will be more defective meters, and information on customers and networks will become more outdated. In order to 
sustain NRW at low levels, investments in fixing leaks and replacing meters are insufficient in the best case and 
ineffective in the worst case.  
To achieve permanent results, management procedures related to a utility's organization and human resources have 
to be changed [6]. Additionally, the implementation of an intelligent Pressure management system is an efficient 
approach to reduce the total real losses in the long term. It is one of the most basic and lucrative forms of optimizing 
a system and it generally provides fast investment paybacks [7].   
In conclusion, a long-term, ongoing and adjustable strategy and methodology makes more sense and ensures 
sustainability in the field of Water Management in the best possible way. 
Hopefully, more Authorities will soon walk in the steps of Drama and take real action towards preserving their 
natural resources, as well as improving their financial efficiency as a corporation.    
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